The seasonal variation in the chemical composition of the leaf essential oil of Zanthoxylum clava-herculis has been analyzed by GC-MS. Three individual trees were sampled four times during the course of the 2004 growing season. Notable differences were recorded in the essential oil yields from the three trees on the four collection dates; yields were highest in May and lowest in July The leaf essential oils were made up of 25 components, largely menthane monoterpenoids, dominated by limonene (44-73%) and 1,8-cineole (16-43%), with lesser amounts of α-thujene, linalool, γ-terpinene, and α-terpineol. The ratio of oxygenated monoterpenoids to monoterpene hydrocarbons generally increased during the season, largely reflected in the 1,8-cineole/limonene ratio.
Zanthoxylum clava-herculis L. (Rutaceae; toothache tree, Southern prickly-ash, Hercules' club) is a small, deciduous tree growing to 10 m in height and 15 cm dbh. The flowers appear in April-May, and the fruits, which are small follicles that develop between JulySeptember, dehisce to reveal shiny black seeds. The tree, a temperate representative of a circumtropical genus, ranges from Virginia south to Florida and west to Texas, Arkansas, and Oklahoma [1a] . The seeds are used as a condiment and a pepper substitute [1b] . The bark of Z. clava-herculis has been used by native Americans for chronic rheumatism, dyspepsia, dysentery, kidney trouble, heart trouble, colds, coughs, lung ailments, toothache, and nervous debility [1c,1d] . Bioactive principles include herculin and neoherculin (insecticidal), berberine and chelerythrine (antibacterial), N-acetylanonaine (ichthyotoxic), as well as asarinin, sesamin, O-prenylpiperitol, Oprenylxanthoxylol, and xanthoxylin [1d,2]. Z. clavaherculis is also a host plant of several insects, including swallowtail butterflies [3] and leaf beetles [4] .
In this paper, we present the identity and seasonal variation in the chemical composition of the leaf essential oils of Z. clava-herculis growing in Huntsville, Alabama, during the growing season of 2004. To our knowledge, this report is the first to present the identity and seasonality of Z. clava-herculis leaf oil.
The yields from the collection and hydrodistillation of fresh leaves from Z. clava-herculis are listed in Table 1 . The results show some notable differences in the essential oil yields from the three trees on the four collection dates. Yields for the three trees were highest in May and lowest in July. Among the three trees, the female one had a higher yield than the two male trees. Essential oil yields ranged from 1.1% (from the female tree in May) to 0.4% (from a male tree in July). The weather data for Huntsville, Alabama during the four collection dates in 2004 are shown in Table 2 . Average temperatures were lowest in May and highest in July. Rainfall was highest in July and at least three-fold higher than in May. Average sunlight was also highest in July.
The gas chromatographic-mass spectral analyses are summarized in Table 3 . A total of 25 components were detected in the leaf oils, but not all components were detected in the three plants or from the different collection dates.
Monoterpene hydrocarbons and oxygenated monoterpenoids were dominant, with very small amounts of sesquiterpenes and simple oxygenated compounds (cis-3-hexenol and nonanal). The major components were limonene (44-73%) and 1,8-cineole (16-43%). Other components detected in relatively less amounts include α-thujene, linalool, γ-terpinene, and α-terpineol. These compounds were all detected in the three plants at the four collection dates. Limonene has also been reported as an an abundant component of Z. limonella [5] and Z. piperitum [6] fruit essential oils, while 1,8-cineole is an abundant constituent of Z. acuminatum leaf essential oil [7] . Linalool and α-terpineol seem to be ubiquitous components of Zanthoxylum leaf oils [7] . α-Thujene and γ-terpinene are common constituents of leaf oils of Citrus and other Rutaceae [8]. Certain components detected in the female tree were not detected in the male trees, including γ-muurolene, valencene, γ-cadinene, and δ-cadinene. Also, α-terpineol was detected in greater amounts in the female tree than in the two male trees. Most of the remaining components were either detected in trace amounts or undetected in some trees or dates. Comparing the abundance of the major components across the collection dates, limonene was most abundant in the May collections, whereas 1,8-cineole showed a gradual increase in abundance from May to October. A similar trend was recorded for all three trees. The weather data for the two-week periods prior to collection, summarized in Table 2 , may explain, at least in part, the seasonal variation in Z. clava-herculis leaf essential oil yields recorded in this study. It may be that the relatively warm temperatures, coupled with abundant sunshine and rainfall, during the two weeks prior to the early July collection was responsible for the lower essential oil yields at that time by increasing the [12] . b Cooperative Huntsville Area Rainfall Measurements (Alabama) [13] emission of volatiles and decreasing the amount of essential oil remaining in the leaves. Monoterpene emissions are generally maximized during the warmer part of the season. Thus, for example, monoterpene emissions for both Pinus pinea and Quercus ilex from Spain were observed in June, attributed to high temperatures and insolation [11a] . Similarly, monoterpene emissions from Eucalyptus globulus from Western Australia were greatest during the Australian summer (January) and lowest during the winter (July) [14] .
Although the sample size was small and not statistically relevant, there seems to have been less chemical diversity (fewer components) in the two male trees sampled compared with the single female tree. The increased chemical diversity of the female tree was manifested in the sesquiterpenoids (γ-muurolene, valencene, γ-cadinene, and δ-cadinene) that were not detected in the male trees. In addition, with the exception of 1,8-cineole, the female tree had higher concentrations of oxygenated monoterpenoids (sabinene hydrates, linalool, α-terpineol, and terpinen-4-ol) and higher concentrations of the sesquiterpenoid β-caryophyllene. In addition to higher chemical diversity, the female tree showed slightly higher essential oil yields than either of the two male trees. Higher essential oil yield and chemical diversity in female trees has been previously observed in Juniperus virginiana [15] . Similarly, the floral essential oils from female Laurus nobilis were more chemically diverse than that from males [16a] Gas chromatographic/mass spectral analysis: The leaf oils of the Zanthoxylum clava-herculis samples were subjected to GC-MS analysis as described previously [25a] . The components [25b] from the GC-MS analyses are listed in Table 3 .
